OBSERVATIONAL STUDY

Role of Early Enteral Nutrition in Mechanically

Ventilated COVID-19 Patients

OBIJECTIVES: Current guidance recommends initiation of early enteral nutrition
(early EN) within 24-36 hours of ICU admission in critically ill COVID-19 patients.
Despite this recommendation, there is quite limited evidence describing the effect
of early EN on outcomes in COVID-19 patients. The association between early
EN (within 3 d post intubation) and clinical outcomes in adult COVID-19 patients
requiring mechanical ventilation (within 2 d post ICU admission) was evaluated.

DESIGN: We performed a nationwide observational cohort study using a nation-
wide administrative-financial database (Premier) in United States.

SETTING: Information pertaining to all COVID-19 patients admitted to ICU from
75 hospitals between April and December 2020 was analyzed.

PATIENTS: A total of 861 COVID-19 patients were included.
INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Clinical outcomes were assessed
via regression models to control for patient and hospital characteristics. We
identified 513 COVID-19 ICU patients (59.2%) requiring mechanical ventila-
tion who received early EN and had similar baseline characteristics to late EN
group. Compared with late EN group, the early EN group had shorter ICU (hazard
ratio [HR], 1.39; 95% CI, 1.15-1.68) and hospital length of stays (LOS) (HR,
1.563; 95% CI, 1.23-1.91), fewer mechanical ventilation days (HR, 1.25; 95%
Cl, 1.01-1.54), and lower cost (-$22,443; 95% Cl, -$32,342 to -$12,534). All
comparisons were statistically significant (p < 0.05).

CONCLUSIONS: In patients with COVID-19 requiring mechanical ventilation,
early EN is associated with earlier liberation from mechanical ventilation, shorter
ICU and hospital LOS, and decreased cost. Our results are among the first to
support guideline recommendations for initiation of early EN in COVID-19 ICU
patients. Further, our data show nearly 40% of critically ill COVID-19 patients
fail to have early EN initiated, even at 3 d post initiation of mechanical ventilation.
These results emphasize the need for targeted strategies promoting initiation of
early EN, as this may lead to improved clinical and economic outcomes in severe
COVID-19 patients.

KEY WORDS: COVID-19; critical illness; intensive care unit; nutrition; patient
outcomes; severe acute respiratory syndrome coronavirus 2

ated within 24-36 hours of admission or 12 hours after intubation in

critically ill COVID-19 patients (1). Further, recent literature indicates
nutritional status in COVID-19 patients is an independent risk factor for in-
hospital mortality and is associated with poor clinical outcomes (2). The com-
plex clinical course of severe COVID-19, including gastrointestinal involvement
and severe acute respiratory syndrome, often makes it challenging to achieve
practice recommendations for early EN (3). Despite published recommenda-
tions highlighting importance of early EN, there is a notable lack of evidence

] z nteral nutrition (EN) is recommended by societal guidelines to be initi-
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describing its association with outcome and hypoth-
esized benefit in COVID-19 patients undergoing me-
chanical ventilation (MV). Given discordance between
existing evidence and guideline recommendations, we
examined the association between early EN (within 3 d
of intubation) and outcomes among mechanically ven-
tilated COVID-19 patients in one of the nation’s largest
inpatient databases, the Premier Healthcare Database.

METHODS

Data Source

This was a retrospective cohort study approved by Duke
University Health System’s Institutional Review Board
(IRB) (Duke IRB Number: Pro00105510) that used a
nationwide administrative, financial database (Premier
Healthcare Database; Premier, Charlotte, NC). This
database includes patient and hospital demographics,
International Classification of Diseases, 10th revision
(ICD-10) procedure and diagnosis codes, as well as
billing information to form a detailed date-specific bill-
ing record for each patient during a hospital admission.
The Premier database represents approximately 20% of
all discharges for annual inpatients in 75 hospitals.

Study Population

All adult (= 18 yr) COVID-19 patients who under-
went MV within 2 days after hospital admission and
had received EN for at least 2 days between April and
December 2020 were included in the analysis. We iden-
tified patients with a primary or secondary diagnosis of
COVID-19 (ICD-10 code: U07.1). Laboratory confir-
mation of COVID-19 was unavailable in the database,
but the accuracy of ICD based diagnosis for COVID-19
has been validated in the previous study (4). We specif-
ically excluded patients who did not receive MV within
2 days of admission or who did not receive EN for at
least 2 days at some point in their hospitalization, and
those who died within 7 days of hospital admission.

Exposure

We compared patients who began EN within 3 days
of intubation (early EN) to patients who began EN
greater than or equal to 4 days after intubation (late
EN) determined by the presence of day-stamped hos-
pital charge codes for EN.
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Outcome

The primary outcome was in-hospital mortality dur-
ing the index hospitalization. We also assessed hospital
and ICU length of stay (LOS), MV days, and total cost
as the secondary outcomes.

Covariates

Key covariates controlled for and included in the
models were age group, male, race, payor category,
congestive heart failure, chronic obstructive pulmo-
nary disease, obesity, chronic kidney disease, acute
respiratory distress syndrome (ARDS), early vaso-
pressor, early hemodialysis, bed size (= 500), teach-
ing status, and location (rural or urban). The selected
comorbidities were identified using the binary
Elixhauser’s comorbidity indicators (5). ARDS was
identified ICD-10 diagnosis codes (J80). Since se-
verity of illness scores were not available in the data-
set, we restricted the cohort into patients with MV
and included early vasopressor and hemodialysis as
a proxy to severity of illness in the models. Inverse-
probability-of-treatment weighting (IPTW) was used
to control for confounding variables on observable
characteristics.

Statistical Analysis

Data were presented as mean + SD or percentages, as
appropriate. Either the chi-square or Fisher exact test
was used for nominal variables, and unpaired ¢ tests
were used to compare continuous variables. In order to
account for immortal time bias in this study, we used
a landmark analysis by measuring hospital death after
7 days of admission (6). The multivariable logistic re-
gression model was fit for hospital mortality, and the
multivariable linear regression model was fit for cost.
Cox proportional hazard models with death treated as
a censored observation were used to determine the as-
sociation of early EN versus late EN with hospital dis-
charge (LOS) and ICU discharge (ICU LOS). We chose
the cause-specific Cox model over the Fine-Gray be-
cause we were interested in the direct association be-
tween the exposure and LOS (7). We adjusted for all
covariates mentioned above. A type I error rate of 0.05
was set as the threshold for statistical significance.
Analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC).
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RESULTS

We identified 861 patients who met inclusion criteria
after 265,298 patients were excluded. The exclusions
were due to patients 17 years old or younger (n = 2268),
no MV within 2 days of admission (n = 246,719),
no receipt of EN for at least 2 days during ICU stay
(n = 16,239), and death with 7 days of admission

(n = 72). Overall, 513 patients (59.2%) received early
EN. The mean age was 62.2+14.4 years, 60.1% were
male, and 47.1% were Caucasian. The early EN group
was more likely to be in large-sized hospitals (45.5%
vs 39.9%; p = 0.007) (Table 1). Only six patients of 861
received total parenteral nutrition in the study group
(1/512 in early EN group and 5/343 in late group).
The mean time to EN initiation in early EN group was

TABLE 1.
Baseline Characteristics of Mechanically Ventilated COVID-19 ICU Patients

Total Cohort Early EN Late EN

Baseline Characteristics N = 861 N =513
Age, £ sp (yr) 62.2t14.4 62.6+14.5 61.7£14.4 0.36
Age groups, n (%) 0.74

20-29 21 (2.4) 11 (2.1) 10 (2.9)

30-39 45 (5.2) 25 (4.9) 20 (5.7)

40-49 83 (9.6) 53 (10.3) 30 (8.6)

50-59 176 (20.4) 103 (20.1) 3 (21)

60-69 249 (28.9) 141 (27.5) 108 (31)

70-79 198 (23) 124 (24.2) 74 (21.3)

>80 89 (10.3) 56 (10.9) 33 (9.5)
Male, n (%) 526 (61.1) 317 (61.8) 209 (60.1) 0.61
Race, n (%) 0.23

Asian 33 (38.8) 25 (4.9) 8 (2.3)

African American 249 (28.9) 143 (27.9) 106 (30.5)

Caucasian 399 (46.3) 235 (45.8) 164 (47.1)

Other 180 (20.9) 110 (21.4) 0 (20.1)
Payer category, n (%) 0.21

Managed care organization 149 (17.3) 91 (17.7) 8 (16.7)

Medicaid 138 (16) 72 (14) 6 (19)

Medicare 419 (48.7) 251 (48.9) 168 (48.3)

Other 155 (18) 99 (19.3) 6 (16.1)
Comorbidity, n (%)

Congestive heart failure 198 (23) 123 (24) 75 (21.6) 0.41

Chronic obstructive pulmonary disease 205 (23.8) 123 (24) 82 (23.6) 0.89

Obesity 328 (38.0) 183 (35.7) 145 (41.7) 0.08

Chronic kidney disease 204 (23.7) 124 (24.2) 80 (23) 0.69
Early vasopressor, n (%) 388 (45.1) 231 (45) 157 (45.1) 0.98
Early hemodialysis, n (%) 56 (6.5) 33 (6.4) 23 (6.6) 0.92
Teaching hospital, n (%) 519 (60.3) 318 (62) 201 (57.8) 0.21
Rural hospital, n (%) 128 (14.9) 83 (16.2) 45 (12.9) 0.19
Bed size (> 500), n (%) 392 (45.5) 253 (49.3) 139 (39.9) 0.007

EN = enteral nutrition.
Student ¢ test was used for continuous variables; 2 and Fisher exact test were used for categorical variables.
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2.4+0.8 days and 9.9 + 8.4 days (with a minimum of 4
d) in late EN group (Table 2).

In regression models, the early EN group had shorter
ICU LOS (hazard ratio [HR], 1.39; 95% CI, 1.15-
1.68) (Table 3) and hospital LOS (HR, 1.53; 95% CI,
1.23-1.91), fewer MV days (HR, 1.25; 95% CI, 1.01-
1.54), and lower cost (-$22,443; 95% CI, -$32,342 to
-$12,534) compared with the late EN group. Hospital
mortality was not significantly different between
groups (odds ratio, 0.91; 95% CI, 0.67-1.23).

DISCUSSION

This current study of real-world clinical practice shows
early EN was significantly associated with earlier lib-
eration from MYV, shorter ICU and hospital LOS, and
reduced hospital costs in COVID-19 ICU patients.
Our results support current guideline recommenda-
tions for initiation of early EN. Further, our data show
nearly 40% of COVID-19 ICU patients fail to have
early EN initiated, even by 3 days post initiation of MV.

Despite clinical guidelines recommending early EN
in the ICU (1, 8), the clinical benefits of early EN con-
tinue to remain the subject of long-standing debate.
However, randomized controlled trials have demon-
strated early EN (initiated within 24-36hr post ICU
admission) in non-COVID-19 ICU patients leads to
reductions in hospital LOS, infection rates, and mor-
tality (9). These findings in non-COVID-19 ICU
patients have been extended, without published evi-
dence to this point, to serve as the basis for the current
guidance from the American Society for Parenteral and
EN (ASPEN) and Society of Critical Care Medicine
(SCCM) recommending early EN in COVID-19 ICU
patients.

A recent study compared early (within 24hr)
with late (post 24hr) EN in 100 matched COVID-19
patients on MV. The authors found no significant dif-
ference in LOS, hospital mortality, or MV-free days.

TABLE 2.

Conversely, our study of real-world clinical practice
identified an association with significant benefit of ini-
tiating EN within 3 days of MV. The difference in find-
ings observed between our study and that of Farina
et al (10) could be associated with the larger cohort of
patients included in our analysis and examining initi-
ation of EN within 3 days, which may be a more clini-
cally achievable target versus 24 hours. Long-standing
research has shown early EN within 12 hours, or even
48 hours, after start of MV can be quite challenging
to achieve (11). A review article reported that when
intensivists were surveyed regarding their reasoning
behind delayed EN in COVID-19 patients, the most
common reason was fear of aspiration in patients with
limited respiratory reserve coupled with concern for
an often-unpredictable clinical course (3). Additional
challenges to early EN include the common use of
prone positioning as clinicians are often hesitant to
feed patients in prone position for fear of aspiration.
In contradiction to this concern, recent data sum-
marized in SCCM/ASPEN COVID-19 ICU nutrition
guidelines show EN during prone positioning is safe,
not correlated with increased pulmonary complica-
tions, and these guidelines recommend EN in prone
patients (1).

Use of vasopressor support has also traditionally led
to concerns about the risk of potential complications
with early EN. Data show that patients requiring vaso-
pressor support may actually benefit from early EN as
shown in an observational trial of greater than 50,000
patients where early EN within 48 hours of ICU admis-
sion was associated with lower mortality rates while on
low- or medium-dose norepinephrine doses (up to 0.3
pg/kg/min) (12). Current guidelines recommend early
EN in non-COVID-19 and COVID-19 ICU patients
requiring ongoing vasopressor support post resuscita-
tion (1, 8).

Finally, it is now well understood that COVID-19
can infect the gastrointestinal tract and lead to

Time to Initiation of Enteral Nutrition in Early Enteral Nutrition and Late Enteral Nutrition
Groups in Mechanically Ventilated COVID-19 ICU Patients

Group n

Mean sp Minimum 25th Percentile 50th Percentile (Median) 75th Percentile

Early EN 513 24 0.8
Late EN 348 9.9 84 4

Maximum
2 3 3
7 12 62

EN = enteral nutrition.

4 www.ccejournal.org

April 2022 * Volume 4 * Number 4



Observational Study

TABLE 3.

Univariable and Multivariable Results Comparing Early Enteral Nutrition With Late Enteral
Nutrition Among Mechanically Ventilated COVID-19 Patients

Univariable Analyses

Early EN
N=513

Outcomes

Hospital mortality, n (%) 341 (39.6)
LOS, d, median (IQR)
ICU LOS, d, median (IQR)

Mechanical ventilation,
d, median (IQR)

18.0 (12.0-30.0)
14.0 (8.0-22.0)
12.0 (8.0-20.0)

Total cost, mean % sp

Late EN
N =348

202 (39.4)
25.0 (16.5-38.0)

17.0 (11.0-27.0)
15.0 (9.0-25.0)

$87144+73,048 $118,610+96,095

Multivariable Analyses

Yes
(Reference = Late EN)

Odds ratio (95% ClI)

0.87 0.91 (0.67-1.23) 0.55
Hazard ratio (95% CI)
< 0.001 1.54 (1.21-1.97) < 0.001
< 0.001 1.41 (1.14-1.74) 0.002
0.004 1.28 (1.01-1.62) 0.042
Estimate (95% CI)
<0.001 -19,626 (-29,531 to —9,721) < 0.001

EN = enteral nutrition, IR = interquartile range, LOS = length of stay.

Covariates included in the models were age group, male, race, payor category, congestive heart failure, chronic obstructive pulmonary
disease, obesity, chronic kidney disease, acute respiratory distress syndrome, early vasopressor, early hemodialysis, bed size (> 500),
teaching status, and location (rural or urban). Hazard ratio > 1 means the hazard of discharge alive is shorter in early EN compared with

late EN.

significant gastrointestinal complications, making de-
livery of early EN even more challenging to achieve.
Our data support that it is critical to address all po-
tential barriers to EN delivery. Further, our study
describes for the first time to our knowledge that in
real-world clinical practice, nearly 40% of COVID-19
ICU patients are not receiving early EN by even ICU
day 3. This corroborates that significant barriers and
challenges remain in motivating initiation of early EN
in COVID-19. It further highlights that an even more
significant number of COVID-19 ICU patients are fail-
ing to receive guideline recommended early EN initi-
ation within 24-36 hours, a shorter time frame than
considered in this study (1).

Early EN initiation may ultimately prove to have
a more significant impact on clinical outcomes in
critically ill COVID-19 patients as recent literature
reports the hypermetabolism associated with severe
COVID-19 maybe more significant and prolonged
versus non-COVID-19 ICU patients (13). Our group
recently performed a longitudinal study using indirect
calorimetry in mechanically ventilated COVID-19
ICU patients and found over the course of ICU stay
COVID-19 patients have a significantly higher meas-
ured resting energy expenditure (REE) versus equa-
tion-predicted REE (13). Furthermore, we found

Critical Care Explorations

COVID-19 patients can demonstrate a persistent
hypermetabolic state even out to 7 weeks post ICU ad-
mission. This hypermetabolic state often persists con-
siderably beyond the 7-10-day acute hypermetabolic
phase described previously in other non-COVID-19
ICU patients (13).

Cost differences between early EN and late EN were
evaluated using a large-scale analysis. As a result of
improved clinical outcomes, total cost of acute hos-
pital care for early EN was reduced by $14,462/patient.
Similarly, we saw a cost reduction ranging between
$23,047 and $31,466 in the early EN group compared
with the late EN group. These findings highlight the im-
portance and effectiveness of early EN in reducing the
overall economic burden of COVID-19 to U.S. health-
care systems. Early implementation of EN protocols
may be a cost-effective way to reduce hospital related
healthcare costs while improving patient outcomes.

This study has several limitations. First, this study
did not account for total caloric intake or advance-
ment of EN over time. Second, although we were able
to evaluate the contribution of comorbidities in these
patients, we were unable to analyze their baseline nu-
tritional status before having COVID-19, which could
have led to unmeasured confounding. Third, we used
a multihospital, real-world database, and accordingly,
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there was no standard protocol for starting early EN,
and decision to start EN was made by each clinician
using their own criteria. Accordingly, the decision to
start early EN may be itself a marker of illness severity
that could effect the decision to initiate EN. This lim-
itation could potentially lead to confounding by indi-
cation. Fourth, as this is a retrospective analysis, the
results demonstrate an association but do not estab-
lish causality. Fifth, to account for immortal time bias
and because patients who died early may not have had
an indication for early EN, we conservatively only in-
cluded patients survived greater than 7 days post hos-
pital admission.

CONCLUSIONS

Our data suggest that early EN in mechanically ven-
tilated COVID-19 patients may reduce time on MV,
shorten ICU and hospital LOS, and decrease hospital
costs. Our results are among the first to support guide-
line recommendations for early EN in COVID-19 ICU
patients. Further, our data show nearly 40% of criti-
cally ill COVID-19 patients fail to have early EN initi-
ated, even at 3 days post initiation of MV. These results
emphasize the need for targeted strategies promot-
ing early EN initiation, as this may lead to improved
clinical and economic outcomes in severe COVID-19
patients. Future prospective studies are needed to
further assess these findings and verify our results in
COVID-19 ICU patients.

1 Division of Trauma and Critical Care and Acute Care
Surgery, Department of Surgery, Duke University Medical
Center, Durham, NC.

2 The Critical Care and Perioperative Epidemiologic Research
(CAPER) Unit, Duke University Medical Center, Durham,
NC.

3 Department of Anesthesiology, Duke University Medical
Center, Durham, NC.

4 Scientific and Medical Affairs, Abbott Nutrition, Columbus,
OH.

Drs. Haine, Ohnuma, Krishnamoorth, Raghunathan, Sulo, Kerr,
Cassady, and Wischmeyer equally contributed to the conception
and design of the research. Dr. Ohnuma performed the data anal-
ysis, while all authors contributed to the interpretation of the data.
Drs. Haine, Parker, and Ohnuma drafted the article. All authors
critically revised the article, agreed to be fully accountable for
ensuring the integrity and accuracy of the work, and read and
approved the final article.

Supported, in part, by Abbott, USA.

6 www.ccejournal.org

The authors have disclosed that they do not have any potential
conflicts of interest

For information regarding this article, E-mail: Paul. Wischmeyer@
Duke.edu

REFERENCES

1. Martindale R, Patel JP, Taylor B, Warren M, et al: Nutrition
Therapy in the Patient With COVID-19 Disease Requiring
ICU Care, 2020. Available at: https://www.sccm.org/
COVID19RapidResources/Resources/Nutrition-Therapy-in-
the-Patient-with-COVID-19-Dis. Accessed March 1, 2022

2. Li G, Zhou CL, Ba YM, et al: Nutritional risk and therapy for
severe and critical COVID-19 patients: A multicenter retro-
spective observational study. Clin Nutr2021; 40:2154-2161

3. Chapple LS, Tatucu-Babet OA, Lambell KJ, et al: Nutrition
guidelines for critically ill adults admitted with COVID-19: Is
there consensus? Clin Nutr ESPEN 2021: 44:.69-77

4. Kadri SS, Gundrum J, Warner S, et al: Uptake and accuracy of
the diagnosis code for COVID-19 among US hospitalizations.
JAMA 2020; 324:2553-2554

5. van Walraven C, Austin PC, Jennings A, et al: A modification
of the Elixhauser comorbidity measures into a point system
for hospital death using administrative data. Med Care 2009;
47:626-633

6. Morgan CJ: Landmark analysis: A primer. J Nucl Cardiol 2019;
26:391-393

7. Lau B, Cole SR, Gange SJ: Competing risk regression models
for epidemiologic data. Am J Epidemiol 2009; 170:244-256

8. Taylor BE, McClave SA, Martindale RG, et al; Society of Critical
Care Medicine; American Society of Parenteral and Enteral
Nutrition: Guidelines for the provision and assessment of nu-
trition support therapy in the adult critically ill patient: Society
of Critical Care Medicine (SCCM) and American Society for
Parenteral and Enteral Nutrition (AS.PEN.). Crit Care Med
2016; 44:390-438

9. Doig GS, Heighes PT, Simpson F, et al: Early enteral nutrition,
provided within 24 h of injury or intensive care unit admission,
significantly reduces mortality in critically ill patients: A meta-
analysis of randomised controlled trials. Intensive Care Med
2009; 35:2018-2027

10. Farina N, Nordbeck S, Montgomery M, et al: Early enteral nutri-
tion in mechanically ventilated patients with COVID-19 infec-
tion. Nutr Clin Prac. 2021; 36:440-448

11. Cahill NE, Dhaliwal R, Day AG, et al: Nutrition therapy in the
critical care setting: What is “best achievable” practice? An
international multicenter observational study. Crit Care Med
2010; 38:395-401

12. Ohbe H, Jo T, Matsui H, et al: Differences in effect of early en-
teral nutrition on mortality among ventilated adults with shock
requiring low-, medium-, and high-dose noradrenaline: A pro-
pensity-matched analysis. Clin Nutr 2020; 39:460-467

13. Niederer LE, Miller H, Haines KL, et al: Prolonged progres-
sive hypermetabolism during COVID-19 hospitalization un-
detected by common predictive energy equations. Clin Nutr
ESPEN 2021; 45:341-350

April 2022 * Volume 4 * Number 4


mailto:Paul.Wischmeyer@Duke.edu
mailto:Paul.Wischmeyer@Duke.edu
https://www.sccm.org/COVID19RapidResources/Resources/Nutrition-Therapy-in-the-Patient-with-COVID-19-Dis
https://www.sccm.org/COVID19RapidResources/Resources/Nutrition-Therapy-in-the-Patient-with-COVID-19-Dis
https://www.sccm.org/COVID19RapidResources/Resources/Nutrition-Therapy-in-the-Patient-with-COVID-19-Dis

